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SUMMARY.—Monitoring bird populations is essential for the proper management of natural areas,
since birds serve as indicator species to assess the conservation status of ecosystems. Therefore, it is
important to estimate population sizes using methods of the highest possible accuracy and reliability. In
this study, the populations of three marsh-dwelling passerines were sampled in the Tablas de Daimiel
National Park (central Spain) during the breeding season, using a double independent observer technique.
Data analysis was performed using a hierarchical Bayesian model with covariates that can simultaneously
determine the population size and detectability, as well as factors that significantly affect both parameters.
The presence of the two most threatened species, the reed bunting Emberiza schoeniclus witherbyi and
the moustached warbler Acrocephalus melanopogon, was significantly and positively related to the
coverage of fen sedge Cladium mariscus, an indicator species for waters of high quality and low
fluctuation in depth. The bearded parrotbill Panurus biarmicus was the most generalist species with
no positive association with any of the studied variables. The moustached warbler was more readily
detectable until the beginning of May and early in the morning.
Key words: Acrocephalus melanopogon, Bayesian methods, bird monitoring, Cladium mariscus,
detectability, Emberiza schoeniclus witherbyi, habitat selection, Panurus biarmicus, Tablas de Daimiel
National Park.
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INTRODUCTION
Estimating and monitoring bird popula-
tions commonly forms part of the manage-
ment programmes of natural areas (Butchart
et al., 2010; Rayner et al., 2014). An under-
standing of bird communities allows the
assessment of the conservation status of
habitats, biotopes and ecosystems in a par-
ticular geographical area as well as the iden-
tification of potential threats affecting them,
since birds comprise useful indicator species
(Gregory et al., 2008; Inger et al., 2015).
However, providing periodic, reliable and
complete data for different animal or plant
species is challenging due to the personal
and material efforts required and the com-
plexity of applying the best sampling methods
(Nichols and Williams, 2006; Regan et al.,
2008). Given the difficulty of estimating
populations accurately, presence and abun-
dance indices are obtained using different
methodological approaches, which usually
consist of the counting of individuals by an
observer (i.e. Gregory et al., 2008). Despite
their widespread use and usefulness for
large-scale programmes (Greenwood, 2007),
these methods are limited at a specific spatial
scale and for detailed species monitoring,
given the inherent biases in comparing
results under different conditions between
different observers.
Methods that include detection proba-
bility in the determination of population size
are considered more accurate for popula-
tion estimates, since it is accepted that in
any survey a fraction of the population is
undetectable. These optimised methods in-
clude site occupancy models (Mackenzie
et al., 2002; Mackenzie and Nichols, 2004;
MacKenzie and Royle, 2005), mixed bino-
mial models (Royle, 2004; Kéry et al., 2005;
Dail and Madsen, 2011), capture-recapture
(Otis et al., 1978), the more recent spatially
explicit capture-recapture (Efford, 2004;
Royle and Young, 2008), extraction (Zippin,
1958) and distance sampling models (An-
derson et al., 1979; Burnham et al., 1980).
Taylor and Pollard (2008) also compared
two additional methods: double sampling and
double observer. These authors concluded,
in agreement with Nichols et al. (2000), that
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RESUMEN.—El seguimiento y evaluación de las poblaciones de aves constituye una herramienta
fundamental para la adecuada gestión de espacios naturales, dado su carácter indicativo del estado de
conservación de los ecosistemas. Por ello, resulta importante aplicar métodos que permitan la mayor
precisión y fiabilidad para obtener tamaños de población. En este trabajo se muestreó la población
de tres paseriformes palustres en el Parque Nacional de Las Tablas de Daimiel (centro de España) en
época reproductora, a través de la técnica de doble observador independiente. Para el tratamiento de
los datos se utilizó un modelo jerárquico bayesiano con covariables que permite determinar simultá-
neamente el tamaño poblacional y la detectabilidad, así como los factores que afectan significativa-
mente a ambos parámetros. La presencia de las dos especies más amenazadas, el escribano palustre
iberoriental Emberiza schoeniclus witherbyi y el carricerín real Acrocephalus melanopogon estuvo
relacionada significativa y positivamente con el grado de cobertura de masiega Cladium mariscus, es-
pecie indicadora de una elevada calidad del agua y un régimen hídrico relativamente poco fluctuante.
El bigotudo Panurus biarmicus resultó el más generalista y no seleccionó significativamente ninguna
de las variables estudiadas. El carricerín real resultó más fácilmente detectable hasta primeros de mayo
y a primera hora de la mañana.
Palabras clave: Acrocephalus melanopogon, Cladium mariscus, detectabilidad, Emberiza schoeni-
clus witherbyi, métodos bayesianos, Panurus biarmicus, Parque Nacional Tablas de Daimiel, seguimiento
de aves, selección de hábitat.
for detection probabilities higher than 20%
and optimally from 40%, the double observer
method is a suitable approach. This method
considers the different detection probability
between two (primary and secondary) ob-
servers, each of whom collects data without
knowledge of that recorded by the other
observer (Nichols et al., 2000; Berthiaume
et al., 2009; Riddle et al., 2010; Southwell
et al., 2011). It has the clear advantage over
other methods of reducing costs, since it is
unnecessary to access all sampling points
more than once with two or more observers.
Another two methods, time-of-removal
(Farnsworth et al., 2002) and time-of-
detection (Alldredge et al., 2007), are even
less expensive because they do not require
multiple visits or multiple observers, but
these models cannot distinguish between
presence and detection probabilities (Riddle
et al., 2010).
When prioritising species for the de-
velopment of monitoring programmes, it is
advisable to select those linked to specific
characteristics of the habitats (Caro, 2010).
The more specialist species, such as the
moustached warbler Acrocephalus melano-
pogon (hereafter MW), or the reed bunting
Emberiza schoeniclus witherbyi (hereafter
RB): that select different traits of vegetation
and flooding regimes for optimal breeding
performance (Poulin et al., 2002), are among
those species that may be indicative of habi-
tat quality in Mediterranean marsh environ-
ments. Together with the bearded parrotbill
Panurus biarmicus (hereafter BP), they are
scarce and threatened in Spain, where their
populations are low (< 1100 pairs) and their
range covers a maximum of about 20-25
breeding sites (López and Monrós, 2004;
Castany and López, 2005; Atienza, 2006).
These species, however, are widely dis-
tributed across the Palearctic and their global
conservation status is considered as ‘Least
Concern’ (BirdLife International, 2012)
except for this eastern Iberian subspecies of
the RB, which is considered endangered
(Atienza and Copete, 2004). Despite this,
there is no information on habitat selection
and no updated population censuses from
the inland wetlands of the Iberian Peninsula. 
This paper presents the results of a moni-
toring programme of three of the most
threatened marsh passerines in an inland
wetland of the Iberian Peninsula using the
double observer method to determine popu-
lation sizes with regard to territorial males
(MV, RB) or individuals (BP), habitat selec-
tion and detectability and influencing factors.
MATERIAL AND METHODS
The Tablas de Daimiel National Park
(central Spain, 627 m.a.s.l) is an inland
wetland on the southern Iberian subplateau,
consisting of a floodplain at the confluence
of two rivers (Guadiana and Gigüela).
Flooding occurs from the rivers and the
underground aquifer of La Mancha Occi-
dental region (Álvarez-Cobelas et al., 2001).
This wetland is important as a refuge, a mi-
grant stopover site and as a breeding area
for numerous vertebrates (Carrasco, 2014),
especially waterfowl. Most of the marsh-
dwelling passerine species of the Iberian
Peninsula inhabit the Tablas de Daimiel,
which constitutes the westernmost point of
the range of several, including the BP, the
eastern-Iberian RB and the MW (Carrasco,
2014). Populations of 90-120 RB and 1-8
territorial MW males were estimated in 2005
in the area (Atienza, 2006; Castany and
López, 2005). For the BP no previous accu-
rate numbers have been released although
the population for all wetlands in central
Spain has been estimated at 292-501 pairs
(López and Monrós, 2004).
In this study we used different count
methods depending on the target species. For
the BP, a gregarious species, detection was
by vocalisations and subsequently counting
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the total number of individuals in flocks. In
contrast, we detected territorial individuals
of MW and RB by songs or visually.
For the selection of sampling points, we
used ArcGIS 10.1 to design a systematic grid
with 300×300m grid cells that covered the
whole National Park (fig. 1). Preliminary tests
indicated that a maximum distance of 150 m
was suitable for ensuring song detection. A
total of 205 cells were within the wetland.
Point counts were established at the centre
of each cell. The point counts were geo-
referenced in the field using a GPS (accura-
cy < 1m), allowing a tolerance of 50 metres
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FIG. 1.—Sampling grid in the Tablas de Daimiel National Park (central Spain) for monitoring mous-
tached warbler Acrocephalus melanopogon, reed bunting Emberiza schoeniclus witherbyi and bearded
parrotbill Panurus biarmicus populations. Sampling points for each 300×300 m square and fen sedge
Cladium mariscus coverage (in light grey) with respect to the polygon encompassing flooded areas
(dark line) are shown.
[Malla de muestreo en el Parque Nacional de las Tablas de Daimiel (centro de España) para el moni-
toreo de las poblaciones de carricerín real Acrocephalus melanopogon, escribano palustre iberoriental
Emberiza schoeniclus witherbyi y bigotudo Panurus biarmicus. Se muestran los puntos de muestreo
para cada celda de 300×300 m, así como la cobertura de masiega Cladium mariscus (en gris claro)
y el polígono que delimita el área inundada (línea en negro).]
to the grid cell centre in case of practical
difficulties in accessing some centre loca-
tions. Sampling was carried out between
0630 and 1100 hours by two observers in
a flat-bottomed boat on 12 dates between
4 April and 6 June 2014. We were able to
access 153 points (the final points surveyed),
since the rest (52 points) were not navigable
due to shallow water depth (less than 20 cm).
At each point we conducted a four-minute
listening period using a double independent
observer method. According to a preliminary
census, the detection probabilities of the
species were higher than the recommended
thresholds (above 20-40%; Taylor and
Pollard, 2008). On each visit to a single
point, each observer independently scored
the number of birds detected (audibly or vi-
sually) within an 150 metre radius, without
exchanging information with the other ob-
server. Both observers mapped the location
of birds during the course of a count in order
to facilitate matching observations that were
common. At the end of each point count,
three observation histories are possible for
each individual: (1) occurs when the first
observer detects an individual but the
second observer does not, (2) occurs when
the first observer does not detect an indi-
vidual that the second observer does, and
(3) occurs when both observers detect the
same individual. For data processing, a
hierarchical Bayesian model with data
augmentation for double observers with
covariates was applied for each species,
creating an ad hoc code in R + BUGS, from
original codes (Royle and Dorazio, 2008;
Thompson et al., 2009; see Supplementary
Electronic Material). Several covariates were
considered within the saturated model, both
for habitat selection and detection proba-
bility. The vegetation in each of the sam-
pled 300 ×300m grids was used for habitat
selection: we considered helophytes –reed
Phragmites australis, reedmace Typha sp.,
fen sedge Cladium mariscus–, salt marshes,
rush (Scirpus sp.) meadows and tamarisk
Tamarix canariensis clumps, as well as the
proportion of islands and water surface in
each grid. Coverage of these covariates
in each grid was measured through a GIS
from the Spanish National Parks Agency
(Cirujano et al., 2010). The surface area of
fen sedge was updated using the latest high-
resolution aerial photographs available (year
2012). As covariates of the detection proba-
bility, we accounted for time of day and the
Julian date. All covariates were scaled and
centred by subtracting the mean values and
dividing by their standard deviation, to be
used in the model (McCarthy, 2007). Only
parameters whose 95% credible interval did
not substantially overlap zero were retained in
the final model (Hooten and Hobbs, 2015). 
For all models, we ran six chains of the
MCMC sampler with 100,000 iterations
each, discarding 50,000 iterations as burn-in,
using the software WinBUGS (Lunn et al.,
2010) or JAGS (Plummer, 2003) and R 3.1.2
(The R Development Core Team, 2014). To
check for chain convergence, we calculated
the Gelman-Rubin statistic R-hat (Gelman et
al., 2013) using the R package coda (Plum-
mer et al., 2006). Values below 1.1 indicated
convergence. In our results, all model para-
meters had R-hat < 1.1, and we reported the
posterior mean (±SD) and 95% Bayesian
credible intervals (95BCI) for all parameters. 
RESULTS AND DISCUSSION
The naïve estimation or total number of
individuals detected from each species before
data processing was 9 MW (1 obs. 1, 3 obs.
2, 5 both obs.); 10 RB (0 obs. 1, 4 obs. 2, 6
both obs.) and 165 BP (36 obs. 1, 39 obs. 2,
90 both obs.). After modelling, in view of the
asymmetry of the posterior distribution of
territorial males of the three species (fig. 2),
the mode was used as an estimate of the cen-
trality of the distribution. Thus, we obtained
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a breeding population of 25.14 ± 11.19 terri-
torial males of the MW (range 20-63, table
1), 13.08 ± 3.37 territorial males of the RB
(range 10-20, table 2) and 181.26 ± 14.80 in-
dividuals of the BP (range 173-230, table 3). 
A significant and positive relationship
between fen sedge coverage and the presence
of MW and RB was observed (fig. 3). Fur-
thermore, there was a significant negative
relationship between detectability and both
the Julian date and time for MW, although
for time the relationship was only marginal
(table 1), while RB detectability was posi-
tively related to time (table 2). Finally, the
BP did not show any statistically significant
association with any of the studied explana-
tory variables (table 3).
The linkage found between territorial
males and fen sedge coverage is consistent
with that previously reported for the two
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FIG. 2.—A posteriori distributions of all individuals of bearded parrotbills Panurus biarmicus (A), and
territorial males of moustached warbler Acrocephalus melanopogon (B) and reed bunting Emberiza
schoeniclus witherbyi (C) in the Tablas de Daimiel National Park (central Spain). The dashed lines
show the mode for these parameters. The prior distribution and likelihood is combined to form the pos-
terior distribution, which represents knowledge of the parameters after the data have been observed.
[Distribuciones a posteriori de todos los individuos de bigotudo Panurus biarmicus (A), y machos
territoriales de carricerín real Acrocephalus melanopogon (B) y escribano palustre iberoriental
Emberiza schoeniclus witherbyi (C) en el Parque Nacional de las Tablas de Daimiel (centro de Espa-
ña). La línea discontinua es la moda para esos parámetros. En estadística bayesiana, la distribución
a priori y la probabilidad se combinan para generar la distribución a posteriori, que representa el
conocimiento de los parámetros tras la observación de los datos.]
more-threatened marsh-dwelling, the MW
and the RB (Martínez-Vilalta et al., 2002;
Poulin et al., 2002), regarding the need for
well-developed and emerging helophytes
when both species reach their breeding
grounds. On this basis, both species avoid
monospecific reedbeds (Martínez-Vilalta
et al., 2002; Castany, 2004; Castany and
López, 2005), unlike the more generalist BP
(Valkama et al., 2008). In the study area, the
fen sedge is the larger and more vegetatively
active helophyte during March and April,
which overlaps with the breeding season of
the MW, when both the reed and reedmace
are almost beginning their annual growth
period. In our study, the MW exhibited a
stronger relationship with fen sedge coverage
than the RB, as indicated by the less pro-
nounced slope in fig. 3B, probably due to
an avoidance by the RB of permanently or
deeply flooded areas, as also applies to the
BP (Martínez-Vilalta et al., 2002; Poulin et
al., 2002; Wilson and Peach, 2006).
However, the sustainability of fen sedge
populations requires more attenuated fluc-
tuations and a superior water quality than
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TABLE 1
A posteriori results of the selected model assessing parameters related to detectability and habitat
selection of the moustached warbler Acrocephalus melanopogon in the Tablas de Daimiel National
Park (central Spain). Nind: number of territorial males; mu1.p and mu2.p: detectability parameters in
logit scale; b0 and b1: constant and slope for fen sedge Cladium mariscus coverage; beta2: parame-
ter of Julian date; and beta3: parameter of time. 2.5% and 97.5% are the confidence intervals at 95%.
R-hat statistic indicates convergence when values are below 1.1 and in overlap0, “false”/“true” if the
confidence intervals at 95% do not/do overlap the 0 value.
[Resultados a posteriori, para el modelo seleccionado, de los parámetros relacionados con la detecta-
bilidad y selección del hábitat para el carricerín real Acrocephalus melanopogon en el Parque Nacio-
nal de las Tablas de Daimiel (centro de España). Nind: número de machos territoriales; mu1.p y mu2.p:
parámetros de detectabilidad en escala logit; b0 y b1: constante y pendiente para la cobertura de ma-
siega Cladium mariscus coverage; beta2: parámetro para la fecha juliana; y beta3: parámetro de la
hora del día. 2,5% y 97,5% son los percentiles de la distribución a posteriori que corresponden a un
intervalo de referencia del 95%. El estadístico R-hat indica convergencia cuando su valor es inferior
a 1,1 y en overlap0, “false”/“true” si el intervalo de confianza al 95% no solapa/solapa el valor 0.]
mean mode sd 2.5% 50% 97.5% Rhat overlap0
Nind 32.91 25.56 12.31 20.00 30.00 63.00 1.00 FALSE
mu1.p –5.73 — 1.38 –8.52 –5.71 –3.06 1.00 FALSE
mu2.p –4.50 — 1.33 –7.12 –4.50 –1.87 1.00 FALSE
b0 –1.74 — 1.17 –3.67 –1.88 1.15 1.00 TRUE
b1 3.30 — 1.74 1.20 2.84 8.59 1.00 FALSE
beta2 –2.97 — 0.96 –4.93 –2.92 –1.24 1.00 FALSE
beta3 –2.26 — 1.26 –4.92 –2.18 –0.01 1.00 FALSE
deviance 25.90 — 6.56 15.70 25.04 41.05 1.00 FALSE
needed by the reed and reedmace (Cirujano
et al., 1996; Álvarez-Cobelas et al., 2001,
2011). This conditioning shapes an eco-
logical functionality similar to that seen
previous to the deterioration of Las Tablas
de Daimiel due to drainage and contami-
nation. This wetland experienced severe
degradation caused by changes in the water
regime from 1983 to 2012, due to the loss of
supply from the Guadiana River, which was
reduced by the exploitation of the Mancha
Occidental aquifer for agricultural use. The
consequences included long drought periods
barely interrupted by some episodes of
punctual flooding. Since the establishment
of measures controlling water extractions,
and following outstanding rainfall in 2010-
2013, the processes of aquifer discharge into
the Guadiana River resumed and so the
ecosystem has returned to its original dy-
namics, a permanent wetland caused by river
overflow. Consequently, it is foreseeable that
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TABLE 2
A posteriori results of the selected model assessing parameters related to detectability and habitat
selection of the reed bunting Emberiza schoeniclus witherbyi in Tablas de Daimiel National Park (cen-
tral Spain). Nind: number of territorial males; mu1.p and mu2.p: detectability parameters in logit scale;
b0 and b1: constant and slope for fen sedge Cladium mariscus coverage; beta2: parameter of Julian
date; and beta3: parameter of time. 2.5% and 97.5% are the confidence intervals at 95%. R-hat statistic
indicates convergence when values are below 1.1 and in overlap0 “false”/“true” if the confidence
intervals at 95% do not/do overlap the 0 value. For the definitive model we only selected covariates if
the estimate of 95% of the parameter did not substantially include zero.
[Resultados a posteriori, para el modelo seleccionado, de los parámetros relacionados con la detecta-
bilidad y selección del hábitat para el escribano palustre iberoriental Emberiza schoeniclus witherbyi
en el Parque Nacional de las Tablas de Daimiel (centro de España). Nind: número de machos territo-
riales; mu1.p y mu2.p: parámetros de detectabilidad en escala logit; b0 y b1: constante y pendiente
para la cobertura de masiega Cladium mariscus coverage; beta2: parámetro para la fecha juliana; y
beta3: parámetro de la hora del día. 2,5% y 97,5% son los percentiles de la distribución a posteriori
que corresponden a un intervalo de referencia del 95%. El estadístico R-hat indica convergencia cuan-
do su valor es inferior a 1,1 y en overlap0 “false”/“true” si el intervalo de confianza al 95% no sola-
pa/solapa el valor 0. Para el modelo definitivo solo se seleccionan las variables si el intervalo de con-
fianza del 95% del parámetro correspondiente a esa variable no solapa sustancialmente el cero.]
mean mode sd 2.5% 50% 97.5% Rhat overlap0
Nind 13.74 13.08 3.37 10.00 13.00 20.00 1.00 FALSE
mu1.p 1.61 — 1.71 –1.93 1.67 4.80 1.00 TRUE
mu2.p 6.49 — 2.24 1.39 6.75 9.79 1.00 FALSE
b0 –2.70 — 0.42 –3.51 –2.69 –1.96 1.00 FALSE
b1 0.63 — 0.41 0.01 0.61 1.30 1.00 FALSE
beta3 6.61 — 2.32 1.01 6.99 9.82 1.00 FALSE
deviance 10.80 — 5.29 3.34 9.92 23.28 1.00 FALSE
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TABLE 3
A posteriori results of the selected model assessing parameters related to detectability and habitat se-
lection of the bearded parrotbill Panurus biarmicus in Tablas de Daimiel National Park (central Spain).
Nind: number of individuals; mu1.p and mu2.p: detectability parameters in logit scale. 2.5% and 97.5%
are the confidence intervals at 95%. R-hat statistic indicates convergence when values are below 1.1.
[Resultados a posteriori, para el modelo seleccionado, de los parámetros relacionados con la detecta-
bilidad y selección del hábitat para el bigotudo Panurus biarmicus en el Parque Nacional de las Tablas
de Daimiel (centro de España). Nind: número de individuos; mu1.p y mu2.p: parámetros de detectabi-
lidad en escala logit. 2,5% y 97,5% son los percentiles de la distribución a posteriori que correspon-
den a un intervalo de referencia del 95%. El estadístico R-hat indica convergencia cuando su valor es
inferior a 1,1.]
mean mode sd 2.5% 50% 97.5% Rhat overlap0
Nind 189.81 181.26 14.80 173.00 185.00 230.00 1.01 FALSE
mu1.p 0.84 — 0.26 0.26 0.86 1.30 1.00 FALSE
mu2.p 0.76 — 0.25 0.18 0.78 1.21 1.00 FALSE
deviance 443.16 — 29.42 391.40 441.10 506.20 1.00 FALSE
FIG. 3.—Effect of the covariate fen sedge Cladium mariscus patch size on habitat selection of mous-
tached warbler Acrocephalus melanopogon (A) and reed bunting Emberiza schoeniclus witherbyi (B).
The black line shows the posterior mean, and grey lines show the relationship based on a random pos-
terior sample of size 200 to visualise estimation uncertainty.
[Efectos de la covariable “superficie de masiega” Cladium mariscus en la selección de hábitat del
carricerín real Acrocephalus melanopogon (A) y escribano palustre iberoriental Emberiza schoeniclus
witherbyi (B). La línea en negro muestra la media a posteriori, y las líneas en gris muestran las rela-
ciones para una muestra aleatoria de 200 unidades, y nos permiten visualizar la incertidumbre de
la estima.]
fen sedge coverage will expand, and thus, so
will the availability of suitable habitat for
conservation priority marsh passerines.
There is a significant relationship between
probability of detection and Julian date in the
MW. This species leaves these areas in late
autumn and returns in mid-winter (Castany
and Lopez-Iborra, 2012), and we can detect
its territorial songs by March. These songs de-
crease significantly, becoming almost imper-
ceptible after May 10. By contrast, the songs
of the RB and BP continue until the first week
of June without any significant association
with the Julian date in the studied period.
Fieldwork, therefore, should focus on the
periods of maximum detectability: from 10
April to 1 May for MW and from 20 April
to 7 June 7 for RB and BP, avoiding earlier
dates when transient birds may be present.
The probability of detection is optimal up
to 2 hours and 45 minutes after sunrise for
MW. RB detectability was higher in the late
morning, possibly because of the detections
were mostly visual and not auditory. 
Finally, the application of a more precise
method for the estimation of territorial indi-
viduals allows us to discuss the population
trends at local scale. The number of terri-
torial males of MW has increased tenfold
since the last estimate in 2005 (Castany and
López, 2005), probably due to improved
hydrological conditions (see above). For RB
numbers, Atienza (2006) estimated 90-120
territorial males, which he ascribed to a pos-
sible refuge effect of the Tablas de Daimiel,
which was the only wetland in central Spain
with enough inundation along the drought
year of 2005. Other estimates for the pe-
riods 1995-2002 (Velasco et al., 2003, 30-50
males) and 2011-2014 (Monrós, pers. comm.,
10-14 males) are more similar to our result
of 13.08 ± 3.37 territorial males with small
fluctuations. Thus, a marked local decline of
the RB cannot be confirmed with any cer-
tainty. For the BP this is the first population
estimation in Tablas de Daimiel NP.
Apart from the effects of the partial re-
covery of the hydrological regime on the
ecological conditions of the wetland (opti-
mised flooding and water quality, increased
richness and abundance of macrophyte,
helophyte and hygrophyte populations,
Álvarez-Cobelas et al., 2001), the popula-
tion estimates obtained for the three species
may be inherent to the improved methodolo-
gy. This methodological procedure, with its
greater accuracy over single counts, may
be applicable in cases of low detection
probability of species with constrained dis-
tribution, such as territorial birds associated
with aquatic environments (marsh-dwelling
passerines, territorial herons) or scarce
species of unfavourable conservation status
requiring the adoption of more reliable esti-
mates (Thompson, 2002).
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